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Recent studies have shown that many proteins that
regulate planar polarity in the fly eye are organized
into discrete membrane sites which may be crucial
for coordinating groups of cells.
Polarity is a fundamental attribute of most cells; yeast
cells polarize along the mother–daughter axis; neurons
develop an axonal–dendritic polarity; and epithelial
cells exhibit apical–basal polarity. Cells are also often
polarized coordinately in the plane of the epithelium;
this organization is known as planar polarity. While
planar polarity is found in organisms ranging from flies
to man, it has been best studied in the wing of the fly.
Each wing cell displays apical–basal polarity, but is
also organized in the proximal–distal axis, marked by
the production of a single, distally oriented hair (Figure
1A). Genetic studies have shown that a group of
planar polarity proteins, including Frizzled (Fz), a seven-
transmembrane receptor, and Dishevelled (Dsh), a
cytoplasmic signal transducer, control the planar
organization of cells (reviewed in [1–3]).
In Drosophila, there are two frizzled genes, fz and
fz2; products of both of these genes can bind Wing-
less, however only fz affects planar polarity. Clones of
cells that have lost fz disrupt planar polarity both
within the clone and in adjacent wild-type cells. Inter-
estingly, planar polarity is only disrupted in cells that
are distal to the fz– cells; cells on the proximal side of
the clone are normal. This has led to the idea that fz is
important for the communication of a planar polarity
signal from proximal to distal cells (reviewed in [1–3]).
A major breakthrough in our understanding of the
cell biology underlying planar polarity in the wing
came with the observation that a Fz signaling complex
becomes asymmetrically localized during generation
of polarity [4–6] (see Figure 1B). Both Fz and Dsh
localize to the distal boundary of pupal wing cells,
whereas Prickle (Pk), a cytoplasmic protein, localizes
to the proximal boundary [7]. Flamingo (Fmi), an atyp-
ical cadherin, localizes to both the proximal and distal
boundaries. Diego, an ankyrin repeat protein, also
localizes to these boundaries, though it is not known
which side [8]. Mutations that disrupt the asymmetric
localization of these components also disrupt planar
polarity. This correlation strongly suggests that their
asymmetric subcellular localization directs the cyto-
skeletal reorganization that results in a hair emerging
solely from the distal edge of the cell.
Planar polarity in the fly eye is also controlled by the
planar polarity genes, but in a more complicated
fashion. Photoreceptor clusters — ommatidia — are
organized into dorsal and ventral fields of mirror-
image polarity, which meet at the equator — the mid-
point of the eye (Figure 2A). Planar polarity is
established in the eye disc when ommatidial preclus-
ters rotate 90° away from the equator, resulting in
dorsal ommatidia that ‘point’ up, and ventral omma-
tidia that ‘point’ down (Figure 2A,B). This is clearly
more complicated than the elaboration of a single hair,
and involves the control of adhesion and motility in
groups of cells. Intensive work has suggested that
communication between specific photoreceptors is
key to the control of cell fate and planar polarity.
Central to the polarity decision is communication
between the photoreceptors R3 and R4.
fz– clones disrupt the polarity of adjacent wild-type
tissue in a manner that suggests that a Fz-dependent
polarity signal is sent from the equator. The cell closest
to the equator receives a higher level of Fz signaling,
leading it to adopt the R3 fate. Current models for
planar polarity in the eye propose that Fz activity in the
R3 cell leads to an increase in Delta expression, which
then activates Notch preferentially on the R4 cell. It has
been shown that the member of the R3/R4 pair with
higher Notch activity will take on the R4 fate, and the
ommatidium will turn in a way that is coincident with
this decision [9–11]. This is an important difference in
planar polarity in the eye and the wing, as Notch does
not appear to play a role in wing hair polarity.
How does the asymmetric protein localization of
planar polarity components seen in the wing fit into
the more complex generation of planar polarity seen
in the eye? A recent flurry of papers has shown that
many of these proteins are localized to the R3/R4 cell
interface, where they participate in the R3/R4 fate
decision [12–14] (Figure 2C). Using mosaic analysis, Fz
and Dsh were shown to localize to the R3 side of the
Dispatch
Current Biology, Vol. 12, R449–R451, July 9, 2002, ©2002 Elsevier Science Ltd. All rights reserved. PII S0960-9822(02)00942-9
Cancer Research UK London Research Institute, (formally ICRF),
Lincoln’s Inn Fields Laboratories, London WC2A 3PX, UK.
Figure 1. Planar cell polarity in the adult Drosophila wing.
(A) All the hairs on the wing of a fly normally point toward to
distal edge of the wing. This orderly organization is disrupted in
planar polarity mutants. Proximal is to the left. (B) Fz and Dsh
accumulate at the distal (right) edge of a wing cell (where later
the hair will emerge), while Pk is found on the proximal (left)
side of the cell. Pk has been proposed to block accumulation
of Dsh at the proximal edge of the cell [7]. Diego is also found
enriched at P/D borders but it is not yet clear on which side.
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interface, while Strabismus (Stbm), a transmembrane
protein, is found on the R4 side of the R3/R4 interface.
In contrast, the cadherin Fmi appears to be needed on
both sides of the membrane. Localization of these
components is dynamic, and after rotation is initiated
Fz, Dsh, Stbm and Fmi are primarily seen in the R4
cell. As in the wing, localization of many of these pro-
teins is interdependent.
Many of the data seem to suggest that an analogy
can be drawn between a proximal–distal cell interface
in the wing and a R3/R4 interface in the eye. (Note that
some proteins such as Stbm have not been localized
in the wing, while others such as Pk have not been
studied in the eye). In the wing it has been proposed
that an initial small asymmetry, perhaps due to small
differences in an unidentified extracellular signal, is
amplified by localization of the Fz signaling complex
and feedback between adjacent cells [7]. This
complex could directly control outgrowth of a hair in
the wing cell, but in the eye it must influence cell fates
and direct cell movements.
How these asymmetric signaling complexes control
cell fates and cell movements is hotly debated. The
textbook model of planar polarity signaling invokes
‘factor X’ binding to Fz, which then activates Dsh, and
signals via small GTPases and the JNK pathway to
increase Delta in the R3 cell which then binds to and
activates Notch in the R4 cell. Consistent with this
model are the observations that loss of fz or dsh leads
to a loss of Delta expression in the R3 cell, and
decreased Notch signaling in the R4 cell, as measured
by a Notch-responsive reporter, mδlacZ [9,10].
Das et al. [13] further characterize the role of the
cadherin Fmi in planar polarity, and propose that Fmi
enhances Fz signaling in R3, which, in line with the
traditional model, increases Delta transcription. In R4
they propose that Fmi inhibits Dsh and thus blocks
Delta transcription. They show that increased Notch
activity can induce Fmi expression, which provides a
powerful feedback loop between R3 and R4. This
model obviously requires that Fmi has different activ-
ities in R3 and R4, and they suggest that Diego and
Stbm, which have different requirements in R3 and R4,
are the key to the proposed differential activity of Fmi
in R3 and R4. Interestingly, they find that Diego is not
necessary for Fmi localization in the eye, although it is
needed for Fmi localization in the wing. Thus there are
some differences in the circuitry of planar polarity
complexes in the eye and wing.
Strutt and coworkers [12] challenge the traditional
model in a recent issue of Current Biology, first by
showing that altering small GTPase activity does not
alter the R4 marker mδlacZ. They suggest that small
GTPases are more likely to affect the degree of rota-
tion rather than the initial rotation or cell fate decision.
In addition they re-examine the role of Delta in planar
polarity. Although overexpressing Delta in both the R3
and R4 cells has been previously shown to produce
adult polarity defects [9], they find that polarity estab-
lishment in the eye imaginal disc seems normal, as
judged by expression of mδlacZ. One interpretation of
these data is that Delta levels are not important in the
initial decision, but may be important for later ele-
ments of rotation, or aspects of R4 terminal fate or
morphology. It has been previously shown that Dsh
can bind Notch [15], and Strutt et al. [12] suggest a
new model in which Dsh at the membrane in R3
directly inhibits Notch activity.
Both groups find that asymmetric signaling com-
plexes assemble independently of Notch and Delta.
They both believe that these asymmetric complexes
then affect Notch signaling. But they differ in their
view as to how Notch activity is regulated. Clearly
more experiments are needed to determine how these
localized complexes influence Notch activity and
ommatidial rotations.
Finally, there is increasing evidence that the planar
polarity pathway may also function in cell movements
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Figure 2. Polarity in the Drosophila eye.
(A) Ommatidia in the dorsal and ventral
halves of the fly eye have mirror-image
planar polarity. Ommatidia are composed
of 8 photoreceptors, R1–R8, as well as
accessory cells. Only R1–R7 are seen in
the apical sections shown here. The
regular dorsal–ventral organization seen
in wild-type eyes is lost in planar polarity
mutants. Red lines show equators and
yellow lines show pseudoequators.
(B) The dorsal–ventral polarity of the fly
eye is achieved by a 90° rotation of pho-
toreceptor clusters in the eye imaginal
disc. The adult form has a chirality that is
achieved by cell movements within the
cluster. (C) Fz and Dsh accumulate on the
R3 side of the R3/R4 interface, while
Stbm is found on the R4 side. Pk local-
ization has not yet been shown in the eye
disc, but similarities between the eye and
the wing suggest it may be on the R4
side. Diego is also at the membrane, but
it is not clear on which side. Later Fmi,
Fz, Stbm and Dsh are found primarily at
the membrane in the R4 cell.
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during vertebrate development, such as convergent
extension [2]. Although asymmetric complexes have
not yet been visualized in these systems, it seems
likely that this elegant system for amplifying small
signals and coordinating the fates of adjacent cells
and groups of cells will be found to function in verte-
brate development.
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